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Two of the major problems in using meteorologicalmodels to explain observed
tropospherictraceconstituentdistributionsandtherebyto understandthe global budgetsof
thetracersareto properlydefinethevertical layeredstructurein thefree atmosphere,andto
understandthecontributionof advectionprocessesin generatinghorizontalinhomogeneities

atall scales.We proposedto tackletheseproblemsthroughtheexaminationof anextensive
collectionof traceconstituentdatafrom researchandcommercialaircraftin conjunctionwith

meteorologicaldatafrom theEuropeanCenterfor Medium-RangeWeatherForecasts.The
physicalmechanismsresponsiblefor theseadvectionandlayeringprocesseswere explored
andtheir implicationsfor theoriesandmodelsassessed.In addition,we calculatedexamples
of how thin layers (not currently resolvedby models)affect the radiativeheating/cooling
rates.

We developedan improvedalgorithm for traceconstituentlayerdetection[Stoller et
al., 1999], andusedit to analyzeover 100,000km of ozoneand humidity vertical profiles
collectedby instrumentspiggybackedon commercialaircraft. The samemethodwasalso
used to examineozone,humidity, carbon monoxide,and methanedata from the NASA
PacificExploratoryMissions[Stolleret al., 1999].Themajorconclusionsfrom thesestudies
were that tropospherictraceconstituentlayersareubiquitous,and that their characteristics
areremarkablyuniversal[Newell etal., 1999]. Forexample,approximatelyhalf of the layers
wereof thehigh-ozone/low-humiditytype,regardlessof seasonor,geographicalregion.

Analysis of seasonalvariationsanddependenceon local stability of layers showed
that, for mid to high latitudes,therewasasummerpeakin thenumberof layersperkilometer
profiled. For tropical Asia the peak occursearlier in the spring. The stability analysis
revealedthatthemajority of thehighozone/lowwatervaporlayershavehigherstability than
the surroundingenvironment. Together,theseresultssupportthe notionthat ozonelayers
comingin from the stratosphereplay a largerole in creatingtroposphericlayers,whetherby
themselvesorby cappingbuoyantpollutionplumes.This, in turn,hasimportantimplications
for thetransport(especiallyin thevertical)of tracegasesandhow it is representedin models
[Thouretet al., 1999].

We have also performed radiativeheating/coolingcalculationson someobserved
layer structures,and havedemonstratedthat the sharpedgeson humidity layers canhave
stronglocal effectsof self-stabilization(dry layers)or destabilization(wet layers),andhave
suggestedthat clear-air turbulencemight result from the latter casethrough convective
instability [Stolleret al., 1999;Newellet al., 1999].

We put a "microscope"onone particular kind of layer (tropopausefold) and used
fine-scalein-situ measurementsplus datafrom an ozonelidar and microwavetemperature
profiler to studythe instabilitiesthat led to stratosphere-troposphereozonetransfer [Choet
al., 1999d]. We observedboth convectiveinstability from breaking gravity waves and
Kelvin-Helmholtz instability from wind shear.The former typeappearsto bean important
sourceof 3D turbulencethathadpreviouslynot beenconsideredfor tropopausefolds.



We also systematicallyanalyzedthe mesoscalevariabilities, not only of the trace
constituents,but alsoof theaircraft-measureddynamicalvariables[Choet al., 1999b]. We
learned that, in the free troposphereover the ocean, vortical modes and/or quasi-2D
turbulencedominatedin nonequatoriallatitudes,while gravitywavesweremoreprevalentin

the equatorialregion [Choet al., 1999c]. Oneof the implicationsof this result is that the
characteristicsof horizontal tracer advectionshould be different for the two latitudinal

regions,andthat thepossibilityof inverseenergycascadein theextratropicsmakessubgrid
parameterizationof modelsmoredifficult.

Structure function and multifractal scalinganalyseswere used to examine water

vapor measurementsobtainedwith a NASA/Langley laser hygrometer that provided a
superior10-mresolution.With this techniquewewereableto quantify the intermittencyand
roughnessof the water vaporfield, and wasableto show distinct differencesbetweenthe
boundarylayer, freetropospheretropics,andfreetroposphereextratropics[Choet al., 2000].

Finally, in orderto helppublicizethe accomplishmentsof the MOZAIC program(an
Europeanventure)in theU.S.andtry to stimulateinterestin asimilar programfor American
airlines,we wroteanarticlefor AGU'snewspaper,Eos[Choet al., 1999a].
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